False positive serologic reactions and difficulties in the diagnosis of Mycoplasma gallisepticum (MG) in chickens have increased lately as a result of infection by low virulent MG strains and the use of live MG vaccines in poultry. The objective of this study was to evaluate the serologic responses of SPF chickens exposed to the three commercially available live MG vaccines, and one low virulent MG strain (MG-70), contributing to the diagnosis and monitoring of MG infection in birds. Six groups of SPF chickens were used. The control group was not infected nor challenged; one group was infected with the low virulent strain MG-70 (MG-70); three groups were immunized and named after the MG vaccine used, i.e., MG-6/85, MG-ts11, and MG-F; and finally one group was infected with the virulent MG standard strain, MG-R. Random Amplification of Polymorphic DNA (RAPD-PCR) was used to compare the strains to each other, to the standard MG-A5969, and to MG-R. All strains were found to be genetically distinguishable from each other. Birds in the control group showed negative results throughout the experiment and showed no cross-reaction with M. synoviae in any serologic test. ELISA tests at 21 days post first exposure (P1E) and seven days after the second exposure (P2E), evidenced that 25% of the MG-70 birds were positive, whereas vaccine groups yielded higher positivity rate, i.e., 57%, 43% and 29% for MG-6/85, MG-ts11 and MG-F, respectively. Serum plate agglutination (SPA) evidenced the first positive results at 35 days P1E on birds in the MG-F group at the rate of 100%; followed by 40% of birds in the MG-70 group at 63 days P1E. Chickens in MG-ts11 and MG 6/85 groups had identical behavior and yielded 100% positive SPA at 77 days P1E. In regard to hemagglutination inhibition (HI), 14 % of the birds in MG-F and MG-ts11 reacted at 42 days P1E, while MG-70 and MG-6/85 groups yielded positive results only after challenge; MG-70 birds reacted at 56 days P1E at the rate of 17% against 63 days P1E for 100% of MG-6/85 birds. The time lag for positive serologic response was monitored on a weekly basis and was statistically different among groups (p<0.05) by Analysis of Variance (ANOVA). No clinical signs or gross lesions were seen in the control, vaccinated or MG-70 infected birds. Tracheitis and airsaculitis were observed in birds in the MG-R group. MG was isolated from all studied groups.
INTRODUCTION

Mycoplasma gallisepticum (MG) is the etiologic agent of Chronic Respiratory Disease (CRD) in chickens and Infectious Sinusitis in turkeys.
Avian mycoplasmosis affects breeder flocks, feed and egg production efficiency, and increase mortality and carcass condemnation. Such economic losses justify the acquisition of MG-free birds as a means to reduce or eliminate MG infection in the poultry industry, according to control and eradication programs (Fiorentin, et al., 1992; Ley & Yoder, 1997; . Comparative studies have supported the use of live vaccines in the control of MG infection in birds (Abdel-Motelib & Kleven, 1993; Cummings & Kleven, 1986; Evans & Hafez, 1992; Levisohn, 1984; . In Brazil and in other countries, the live vaccines MG-6/85, MG-ts11 and MG-F are used to control mycoplasmosis in layer flocks. In breeders, the government programs restrict the use of MG live vaccines (Brasil, 1994; Brasil, 2001; USA, 2002) .
The serologic tests recommended by governmental poultry health programs for monitoring of mycoplasmosis are serum plate agglutination (SPA), hemagglutination inhibition (HI) and ELISA, because they are inexpensive and easy to be performed (Brasil, 1994; Brasil, 2001; USA, 2002) . However, crossreactions among mycoplasma species and non-specific reactions have caused a serious problem of misdiagnosis in serologic surveys (Levisohn, 1984; Mendonça et al., 2000) . The appearance of low virulent MG strains and the use of antimicrobial drugs that accumulate in the respiratory tract have been responsible for false negative results, and have thus limited the usefulness of serologic tests for the monitoring of poultry diseases. MG vaccines have also been reported as a factor interfering with mycoplasma diagnosis, and subsequently there has been the need of confirmation by PCR and/or isolation (Mendonça et al., 2000; Nascimento et al. 1991; Nascimento et al., 1994) . Consequently, it is necessary to presume the expected serologic response in birds that have been vaccinated or exposed to low virulent strains (Abd-elMotelib & Kleven, 1993; Evans & Hafez, 1992; .
This study evaluated the serologic response of SPF chickens exposed to a low virulent MG strain and to the live MG vaccines commercially available in Brazil. Response evaluation intends to contribute to the diagnosis and monitoring of MG infection in birds. Additionally, RAPD-PCR analysis was used to differentiate between the MG strains.
MATERIAL AND METHODS
Experimental design. There were six groups of SPF chickens (BIOVET -SP/Brazil) kept in isolation units and exposed to different MG strains: control (non immunized and not challenged); MG-70, immunized with a low virulence field strain; MG-R (ATCC 19610), which was not immunized, but challenged; and three groups immunized using commercial live vaccines, i.e., MG-6/85 (Akzo Nobel Ltda-Intervet, São Paulo, SP, Brazil), MG-ts11 (Merial Saúde Animal Ltda, Campinas, SP, Brazil) and MG-F (Schering Plough Coopers Brasil Ltda, São Paulo, SP, Brazil). MG strains had shown diverse banding patterns by RAPD-PCR (Fan, Kleven & Jackwood, 1995) . All groups consisted of 30 birds at 21 days of age (1 st exposure), except MG-R. This group was established with half the birds and when they were 70 days old (49 days after the beginning of the trial). Exposures were performed at 21 and 35 days old. Vaccines were reconstituted according to the protocol suggested by each manufacturer. The strain MG-70 was used at the titer of 10 6.79 Color Change Unit (CCU)/ mL. MG vaccines, the low virulence MG-70 and MG-R strains were administered using eye drops (50mL per bird). The control group was neither exposed nor challenged. In the other groups, challenge was performed twice with chicken embryo-activated MG-R at 70 and 84 days of age. The first challenge was done at 49 days post first exposure (P1E) and it was used a titer of 10 1.5 , whereas the second challenge was done at 63 days P1E and titer of 10 4.5 . Serologic response by SPA, ELISA and HI was monitored weekly, from the day of exposure (21 days old, zero P1E) until 84 days P1E (105 days old). Necropsies were performed at 14, 35, 63 and 77 days P1E. Samples for histological examination and recovery of MG strains were collected as shown in Table 1 .
RAPD-PCR. Fresh cultures of MG-70, MG-6/85, MGts11, MG-F, MG-A5969 and MG-R were prepared using Frey medium (Frey, Hanson & Anderson, 1968) and freeze-stocks in glycerol were separated. Genomic DNA from the MG cultures was extracted by the method of phenol-chloroform with Proteinase K; cellular lysis with 10% SDS, ethanol precipitation and resuspension in 100mL TE Buffer (Sambrook, Fritsch & Maniatis, 1989) . DNA amplification was carried out with a thermocycler PTC-100 (Peltier Effect Cycling, MJ Research, Inc), according to previously reported conditions, except that only one primer was used (200 pmol, M16SPCR 5C -AGG GAG GAG TAG GGA AT -3OH -Bio-synthesis -lot C228-26). It was used three cycles at 94°C for 15 seconds (denaturation), 28°C for two minutes (annealing) and at 74°C for three minutes (extension), followed by 35 cycles at 94°C for 15 seconds, 45°C for two minutes and at 74°C for three minutes (Fan, Kleven & Jackwood, 1995) . Amplicons were visualized after agarose gel electrophoresis and staining with ethidium bromide under ultraviolet light.
Serology. Blood samples were collected weekly from 10 birds of each group to assess antibody levels using SPA, ELISA and HI. Samples were collected before the 1E and continued throughout the experiment. The obtained sera were immediately tested by SPA against MG and M. synoviae (MS) antigens, according to the manufacturer instructions (Biovet, SP, Brazil). Undiluted sera positive by SPA were considered suspicious and were thus further diluted and tested again. The serum was considered positive if positivity was seen at 1:10 dilution or higher, according to the guidelines from the National Poultry Health Program (Programa Nacional de Sanidade Avícola, PNSA; Brasil, 1994) . ELISA was performed using M. gallisepticum Antibody Test Kit (IDEXX, SP, Brazil), according to the provided protocol. ELISA results were considered positive when positivity was detected at titers equal or higher than 1076 (S/P coefficient >0.5). HI antigens for MG and MS were prepared in the laboratory and considered positive when tested sera reacted to titers ≥ 1:40 (Whitford, Rosenbush & Lauerman, 1993) .
Clinical samples and MG isolation. Five chickens from each group were necropsied at 14, 35, 63 and 77 days P1E and gross lesions on organs affected by mycoplasmosis were recorded. Fragments of trachea and air sacs were placed into 10% formalin for histological evaluation. Swabs from trachea and air sacs from each necropsied chicken were frozen and stored in 2 mL of Frey Modified Broth diluted to 1:2 with glycerol (Frey, Hanson & Anderson, 1968; . Samples were also cultured on Frey Modified Agar and Frey Modified Broth, and then incubated at 37º C for up to 21 days, with daily observations (Brasil, 1994) . Samples were considered negative and discarded when no Mycoplasma colonies were visualized. Colonies on Frey Agar were typed by Direct Immunofluorescence using an Epifluorescence Microscope (INALH, OSSIPAN -RJ -Brazil) and compared to MG-positive controls at 10 to 40x magnification. Positive colonies showed intense green fluorescence, whereas negative colonies yielded no or slight fluorescence (Kleven & Levisohn, 1995; Whitford, Rosenbush & Lauerman, 1993) .
Statistical Analysis. Positivity was compared among groups using 100% of positivity or at the end of the trial (if one group had not reached 100%). Differences among positive proportions were evaluated by group and by test used using Chi Square (X 2 ), according to a follow-up period of seven days. The time lag for the first appearance of serologic reaction in each group by test, either partially or completely (100% of birds) was done using Analysis of Variance (ANOVA) at 95% confidence interval (CI) in a follow-up period of seven days, as previously described (Martin, Meek & Willeberg, 1987) .
RESULTS
All vaccine strains used in this study were considered to be genetically distinguishable from each other and also from MG-70, the standards MGA5969 and MG-R by RAPD-PCR (Figure 1) . MG was recovered during and at the end of the trial.
Control birds were serologically negative for MG and MS, while birds in the other groups were negative for MS in all serologic tests throughout the trial. Chickens inoculated with MG-70 and vaccine strains were MG-negative by SPA up to 28 days P1E (49 days old). However, at 35 P1E (56 days old), 100% of the birds in the group MG-F were reactive by SPA either using undiluted or diluted (1:10) sera. SPA reaction only ) . Nevertheless, 80% of the birds showed positive results at 42 days P1E (63 days old) if undiluted sera were used, even before challenge. Chickens exposed to MG-ts11 and MG 6/85 showed similar SPA results; they produced suspicious reactions with undiluted sera only at 49 days P1E at the rate of 20%, and positive results were seen in 100% of the birds only at 77 days P1E (98 days old). The MG-R group was 100% suspicious at 7days post first challenge (P1C), i.e., 77 days old, and 63% of the birds were SPA-positive at 14 days P1C (84 days old) ( Table 2 ). days P1E (84 days old), respectively. Chickens in MG-R group were SPA positive (83%) as early as seven days P1C (Table 2) . The positivity proportions in exposed groups (MG-70, MG-6/85, MG-ts11 and MG-F) were statistically different (p<0.05) by X 2 in the serologic procedures (SPA with undiluted sera, SPA with serum diluted to 1:10, ELISA, and HI).
The time lag for serologic response was statistically different between groups (p<0.05) by ANOVA and depended on the serologic method, either for the onset of reaction or for time lag until 100% of birds became positive (Table 2 ). In concern to the time lag for the reactivity onset, MG-70, MG-6/85 and MG-ts11 were significantly different from MG-R (p<0.05). On the other hand, when 100% positivity was considered, MG-R was significantly different (p<0.05) from the other groups (Table 2) . Regardless of treatment, serologic reactivity was first detected by ELISA, followed by SPA with undiluted sera, SPA with 1:10 diluted sera, and HI (Table 2) . MG-R reactivity was detected faster (100% positive), regardless of methodology (Table 2 ).
All strains provided protection, although at different degrees, as measured by the increase of seroconversion. Protection may also be inferred from the absence of disease signs and gross lesions in birds in MG-70 and the three vaccine groups. No disease signs or gross lesions were seen in chickens from the exposed groups. Tracheitis and airsaculitis were observed only in MG-R.
DISCUSSION
The MG strains evaluated were genetically distinguishable by RAPD-PCR. This corroborates the hypothesis of this study, because it evidences that the low virulence strain MG-70 was not a recovery of a MG vaccine strain. Except for MG-70, these results corroborate previous reports (Fan, Kleven & Jackwood, 1995; Ley & Yoder, 1997) .
The absence of cross-reaction with MS throughout the trial in all groups might be because there were no environmental factors interfering on the experimental conditions, as noticed earlier (Nascimento et al., 1993; .
In a previous study, SPA results were scored from 0 to 4 (Abd-El-Motelib & Kleven, 1993) . Reactivity was present in MG-ts-11 within about 28 days post-vaccination and decreased in the end of the trial (84 days), while MG-6/85 only elicited SPA reaction at about 42 days, which has also decreased thereafter.
Positive ELISA titers were seen at 21 days P1E (42 days old) in birds in the groups MG-70, MG-F, MGts11 and MG-6/85 (25%, 29%, 43% and 57%, respectively). In MG-R group, 100% of the birds were positive at 7 days P1C. Vaccine groups became 100% positive at 35 days P1E (56 days old), whereas MG-70 birds were 100% positive at 42 days P1E (63 days old) ( Table 2) .
MG-F and MG-ts11 groups had positive HI results (14%) at 42 days P1E (63 days old), that is, before being challenged. On the other hand, positive results were seen only after the challenge in MG-70 (17%) and MG-6/85 (100%), i.e., 56 days P1E (77 days old) and 63
In the present study, MG-ts11 and MG-6/85 results were similar, eliciting 20% SPA reaction only at 49 days P1E with undiluted sera. These differences might have occurred because of spa scoring and different chicken type used in the above mentioned report. On the other hand, MG-F was reported to be the first to elicit SPA positive reaction at about 28 days post-vaccination by Abd-El-Motelib & Kleven (1993) , which is similar to the result reported herein (35 days P1E). detected 60% SPA positive pullets 42 days after vaccination for MG-ts 11, but no positivity after vaccination using MG-6/85; in this latter trial the birds were also negative for MG by ELISA and HI. These authors used eye-eyelid drop and spray for MG-ts11 and MG-6/ 85 as inoculation routes, respectively, and used turkeys as models, which may have accounted for the differences.
In ELISA, positive sera were detected in all groups before the challenge at 21 days P1E. On the other hand, a previous work has shown no reactivity to MG-6/85 in exposed birds and absence or weak serologic response to MG-ts11, respectively (Abd-el-Motelib & Kleven, 1993; . These differences might have been accounted for by the use of different ELISA kits, types of bird, and routes of exposure.
HI results for MG-ts 11 and MG-F are in accordance with others, but not MG-6/85 results (Abd-el-Motelib & Kleven, 1993; Levisohn, 1984) . These contrasting results may be justified by the different experimental designs, such as processing/preparation of HI antigen and red blood cells .
MG-ts11 and MG-6/85 strains elicited weak or no vaccination reactions. These results are in agreement with other studies (Abd-el-Motelib & Kleven, 1993; Evans & Hafez, 1992; . MG-F strain, as well as MG-70, MG-6/85 and MG-ts11, were not able to elicit any respiratory symptom on the inoculated chickens. Previously, a mild respiratory reaction has been reported in the group MG-F between five and fifteen days post vaccination (Abd-el-Motelib & Kleven, 1993) . In the present study, it was also not detected any gross lesions of airsaculitis and tracheitis in any of the groups, except for MG-R, which is in agreement with previous reports (Abd-el-Motelib & Kleven, 1993; Evans & Hafez, 1992; .
These results contribute to the diagnosis of MG infection in breeding flocks, mainly when vaccine and/ or low virulent strains are involved. Besides, SPA reaction with undiluted serum should be considered a suspicious result, rather than a negative one (USA, 2002; Brasil, 2001 Nascimento ER do, Polo P de A, Pereira VL de A, Barreto ML, Nascimento M da GF do, Zuanaze MAF, Corrêa ARA, Silva R de CF 
